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GfQUB A 

Cairns 1-17 

1 . The main argument of the applicant 1$ that what is established for M wnt is not necessarllv 
valid or SWNT. This ia oertalnly correot but would remain a purely theoretical ^^Z7 
no further elements of comparison were given. The applieant statea iriat single wall 
nanotubes are fundamentally different from multl-wall nantubes. The single wall tubes are 
individual molecules, whereas the muitlwall tubes are basically a cylindrical form of 
graphite. The single-wall tubes have remarkable mechanical, eleetrical and thermal 
characteristics because they are essentially peitect mo/eco/ea. The multi-wail tubes are 
characterized by a much higher denaity of crystalline defects, which changes their physical 
properties in fundamental ways; " / « 

2. The argument under 1 hereinbefore oan be accepted. 

TTT °^ ^^^^^^^^^ the applicant must get 

the benefit of the doubt. Aa far aa 0, ia concerned, it can be reasonably accepted that it 
probably ralatea to MWNT (see p 276 left column lines 3^ and p 276 left column, last §). 

Therefore, the applicant's araumentation towarda claims m? is accepted and claima 1-17 
regarded u being novel and inventive over the available prior art documents. 

Ciaimafla./^ 

(a) The arguments of the applicant are rejected airtce 

(1 ) it is not con-ect to state that claima 63-66 are directed to 'purified SWNT* (see 
page 2 of the applicant's letter). They merely refer to 'a composition of matter' 
which could for instance be in an aa-synthesized state. 

(2) isieliher doea said claima indicate whether said •composition of matter" is macro- 
scopic or microscopic*. 



Therefore, the original objection (4-8) is maintalned: 
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(b) The term "composition of matter" is unclear Here, it is interpreted 
ceous material' 



a? meaning "a carbona- 



(c) The wording of claim 63 Is extremely broad, so that it is fert that any bundia of SWNT 

'"^ ^° - ^^'oZ also 

on page 767 of (see comment on page 765 2nd paragraph). 

The same arguments are brought fonward vis-i-via of claims 84-66. 87-71. 

Therefore claims 63-71 are regarded as tacking an inventive step. 
Claims 7^»g g 

It is suggested to limit n to values 1-30. 

The following comments are made supposing ttiis suggestion is followed 

According to the applicant. D, does not relate to SWNT (see page 7. lines 33-36 of 05) 
funelionallzed In a variety of ways. 

Neverthelees, the SWNT of 0. (see pages 758; 770. 2nd paragraph and Fig. t9.l0(c) on 
page 772) can readily be derivatlzed. i.e. functlonallaed by fbltowing the teaching of D, (see 
for instance 0,'s general statement on page llinee 1-14). 

D, also diaoiosiss filled nanotubee (see page 658). 

Since none of claims 72-80 contain any quantitative information on the degree of 
derivatization. it is considered that they lack an inventive step over 0. combined with 
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Claims infi.^|Q .. 

Sndohedrally-loadad tubular carbon moleculM are known for Insta^^^ ^• 
O4 (see 3.d herein above). 

• D4 also discloses (see chapter 20) many possible applications. 

. Oa teaches that endohedrally.doped fullerenes can be used as memory bit 
(Compare with present application, page 51. lines fS), 

■ Gd TTT '^"'"^ """"'""^ °' °^ '^d-^* -impounds of 

Qd, Yt, Mn-. (see page 859, 2nd paragraph). 

considered that It ia anticipated by D4. " 
The same conclusion Is valid for claim 108. 

0,doea not explicitly recite or support Co or a possible endchedral species (as in 
e^^ed^^ s^.!' ^ ^^^^ or C, s. 

Consequently claim 107 ia regerded as lacking an inventive step. 
The same conclusion is made for daims 109-1 10. 



m1 "l" ^^^^ Pag» 1 1 '*n«s 7.30) 

which can be »icorporated in a matrix". - thematrix preferably being an organic polymer 
eg a themioset resin such as epoxy. bismalalmide. polyamide: a ihermoplastic resin a ' 
metal or a ceramic materiel. 

According to the applicant. O5 merely relates to WNNT. 



'«>m rCTilWAMM (ta vi) (JMMiy KM) DtMi « 



INTERNATIONAL PRlUMiNARY EXAMINATiOM REPORT 



IntofnaUeiitl app«l«4itj«n H: 
PCT/US9M4513 



. It h« bMfl nottd th« ih« applloinrs .rgumwtitlon rtl«« ,o the fact th« pro«M« 
«h,ch .,. V.W (or MWNT .re no. nec..,ahly effective tar SWNT. N.v«^e3thT 

arQum«,l oan.nol be succawful t-er. t,,e.u„ claim 1 1 7 does not r«:«e .ry ,ech„?o.l 
ch.,.«.„«,o Of the comport, mated.,, .o ,h.t *ha. ahouw have bien dX^^ ^ , 

m by u«ns the tectmle of 0. wlK, SWNT. no eompoeite sum can be obtalnw 

*' T"'^ • "'^ «». .0 that 

cltlin117i»regafd«ja»lMkinglninvanil»atep. ••"mai 

The same conelualon applle. to cialma 1 18-12*, 131. 

•wn whtt taehnical problem a man skilled in the art knowing D, would have had to solve 
inventively to eome to the preferred embodimenta of claims 12M 30. 

Cialma 141-TS? 

An objectton waa raised on the base of 0,. 

Neverthelass. the applicant considers that D, deals with multiwail nanotubes laden with 
crystal detects, which is not predictive of the behaviour of the SWNT in claims 141-152. 

The argument la here aooepted. 

Therefore dalma 141-182 are regarded as being novel and inventive over the available 
prior art. 



Claims I5a.if^fi 

As far as claims 153-156 are concerned, it appears that none of the available prior an 
literature suggest or discloses an antenna aueh as that claimed by present claim isa. 

D4. chapter 20. teaehee that a polyrnerie .C,. haterojunction is expected to exhibit a 
photovoltak: response (page 881). 0. also gives on figure 20.2 (page 903) a schemafic 
presentation of several proposed electronio device applteattons for carbon n^mu^a. 
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Nevertheless, no-explicit mention that a current could be generated tnrough photo 
conductivity of such a tube ia suggested or disclosed. 

Therefore, claims 1 53-1 56 are both novel and inventive. 

Claims i.«i7.ifip 

Considering D, page 903 fig. 20.2 as well as page 904 and D„ for instance claims 36 41 
45, 50. 53-55 etc... It cannot be seen what technical problem the skilled practitioner haci to 
solve . in an inventive manner - to oome to the embodiments of present claims 157.162. 

Therefore these are considered as not being inventive. 

QrOUP B; Clalma ia.^g 

. It is not clear whether by 'said moieoules having aufaalaQiiaily equal lengths' is meant that 
these molecules merely should have any length within the range 5-500 nm or whether an 
average length within said range Is meant 

0, discloses on page 473 right column first two lines. SWNT having a length rangina from 
100 nm up to several microna. . 

At iel^one cutting technique is known from 0,. 

Process step c) merely refers to an isolation procedure which is not precisely disclosed. 
Therefore, the isolation - purification procedures known in the art (see D„ D,. .....) are 

encompassed by said procesa step, which therefore cannot be reganted as being inven- 
tlve. 

Therefore, claim Ifl is felt to lack an inventive step. 

■ Claims 1 9.23 relate to a preferred cutting method comprising using a "high energy beam of 
high mass iona". 

■ D, describes a cutting method comprising injecting fllsfitcaii into the nanotubes at 'a 
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relatively high voltage" (page 2631 right column, paragraoh before last). 



- Therefore claims 1 9-23 are novel over the available prior an literature. 



• Nevertheless it cannot be seen to what specific advantage, or to what unexpected effect, 
the use of high mass iona instead of elactrons leads to. Why would the skiilad practitioner 
knowing D, not be incHned to try cutting nanotubes with projectiles other than electrons? 

Therefore it is considered that the use of a "high energy beam of high mass ions" is a 
technically equivalent mean for cutting nanotubes. 

Therefore, claims 1 9-23 lack an inventive step. 

• Claims 24-25 relate to another cutting method, comprising sonicating with acoustic energy 
a suspension of SWNT in a medium. 

Since none of the documents cited in the seereh report mention or suggest that nanotubes 
couid be cut by using sonieatlon (aa described on page 26 lines 23 • page 27 line 19) 
present claims 24-25 are regerded as being novel and Inventive. 

• None of the available prior art documents suggest that SWNT can be cut by refluxing the 
same in concentrated H NOj,. 

Therefore clalma 28-30 are considered aa being Inventhre. 
QmaiSi Clalma ai.flg. 81.1 QS. 
- 0, appears to be the moit relevant prior art document 

• None of the documents of the I.S.a disclose or suggest methods for forming a macro- 
scopic molecular array of tubular carbon moleculea 

• Therefore present claims 31-62 must be considered as novel and inventive over said 
documenta. 
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• Moreover, the macroscopic molecular array of independent claim 8i as well as the product 
of claim 91 are neitfier disclosed nor suggested by the available prior art literature. 

• Therefore, claims 81-1 OS are both novel and inventive; the same conclusion applies to 
claims 11M 16. 
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r iaim : 

J . A njKthod for purifyini » mixtuit eompming sinflle-waJi carbon 
AiMcubtt and amoiphoui carbon contaminate. wA method comprising the j«p. 
5 of: 

(a) heating said mi«ui« under oxldiaiag conditiocu suffiweai to 
remove the said amotphoua carbon a&d 

(b) recoverfng a product eompriaing at least about SOV. by weight of 
liagle-wall carbon nanotubea. 

10 2. Themethodofclaiiolwh«reinieidoxidiBngcondiuoflscompri« 

u aqueous solution of an ioorganie oxidant 

3. The method of claim 2 wherein »id inorganic oxidant is selected 
ftom the group coait«ing of nitric acid, a mixture of sulfWc acid and hy^^^^ 

peroxide, potaaaium peimanganate and nixturea iheroof. 
15 4. The method of claim 2 whereto i«d aqueous solution ii heated to 

tefliix. 

5. The method of claim 2 additionally comprising the step of 
subjectiag the oxidi«ed product of step (b) to a saponification wataeat. 

The metiwd of claim 5 wherein said siponiflcauon ffcaanem 
20 conwiiaMeoametiag said product Willi a baaic solution. 

7. The mediod of a ctaim 6 wherwn said basic solution compnjcs 

sodium hydroxide. 

8. Tb» arthod of cUin 6 additionally comprUing the step of 

neutralizing the saponified product with an acid. 
25 9. The method ofclaim I whereto laid acid is hydrochloric acid. 

10. The method of claim 8 additiooaUy comprising the aep jjf 
recovering a tolid product from the saponified, neuirillxed product. 

1 1. The method of claim 10 whereto said produei « recovcrtd by a 
method selected from the gmup consladng of ftJtraiiot^ by gr3vity. 

3 0 chemical flocculatora, and liquid cyclonlng. 
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1 2 n» method of dam 1 0 wh«reia said solid produci u d ?»per-likc 
rwo dimcttsioml product 

>3. The method of claim 1 2 additionally comprising the Kep of drying 
Che product 

i U. The method of claim 13 wherein .aid product i, dned ai about 

850'C in a hydrogen g w atmosphere. 

1 5. The method of claim 1 wherein said preduet eemprites at least 
about 90% by weight of linglo-will cirboft nanotube*. 

16. The nmfaod of claim I wherein said product comprises at least 
10 •bout 95% by weight of single-waUcwbonnanotubea. * 

17. ITie method of claim 1 whenia said product comprises at !casi 
about 99% by weight of sinvie-walt carbon ninotubei. 

!«■ A method for producing tubi^lir carbon nwieculesofabout 5 to JOO 
nm in leogth, said method comprliing the ttepi ofi 

15 (a) Pwviding a iingle.waUcttbonaanotube<ontaining material: 

0» cutting sing)e.w«U naaonibc. in s«d single-wall nanonbe 
eontaioing-mawiat to bim a mixture of tubular carbon molecules 
having lengtha la the nago of 5.500 nm; 

(c) iw'atineftomaaldaixtureoftubuleroarbonBoleculeiafraction 

o'«ldmoleeuiee having aubtantially equal lenfth*. 
1 9. The method of claim I g wherein aaid outting single-wail nanonbea 
into tubular earboo moteeulea eemprtaing the stepa o<: 

(a) fomiing a lubitantiaUy twowlimenstonal target containing single. 
M«ll naaotubee of lengtha up to about one micron or more, and 
25 (b) »™ii«iiig aaid tarset with a high energy beam ofhigh mass ions. 

20. Th» method of claim 19 wherein a high energy beam is produced 
in e eyeiotron and has an energy of fiom ebout 0. 1 to about 10 GeV. 

2 1 - The method of eliim 19 wMq add high mass ion has a mass of 
greater duo about !50 AMU. 
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22. ThK method of claim 21 whenia siod high mast ioft in selected from 
the group consiiUna of gold, biimuthind u«aium. 

23. 'niemetodofclaifflof22wher8inthebiihmBSsionii Au'" 

S 24. Tlw method of eitim II whenin said cutdng single-wall nanotubes 

into tubular carbon molecules comprises tbe steps of: 

(a) forming s suspension of singl»»will nanotubes in a medium; 

(b) sonicating said tuspanaion with afiouatic energy. 

25 . The method of claim 24 wherein said acoustic energy Is produced 
10 by a device opetaring at 40 fCHi and having aa output of 20 W. 

26. tlJB method of claim II wherein said ewdag single-waU naoontbes 
into tubttlsr carbon moleculee comprises refluxing single wall carbon nanofeibe 

containing material in con ce ntra t e d KNOj. 

27. Tltemedtodofelaiffl 19 ftanher comprising the step of heating the 

1 5 tubular carbon molecules te fom a hemlipheric flillereae cap on at Itmt one end 
thareo£ 

- 21. Hie method of claim 1 8 ftirther comprising the swp of peasting said 
tubular cirbon molecules with * raatatial which pwvidee at the reacuoa condhiofls 

at least one substituent on ot least one of said ends of said tubular carbon molecule. 
20 ?>• Tta method ofclalm 26 fiather comprising the step of reacting jaid 

tubular catbM neleeuies with a matefial which providee at the rtacUor. conditions 

at least one aubatituest on at leut one of said ends of said mbular carbon molecule. 
30. TTte method of claim 28 or 29 wh«ein said Jubstiniini is selected 

ftpm the group consiitiag of each may be mdependenUy selected from the gfoup 
25 eooaisting of hydrogen; alkyl, acyl, aryl, anlkyl. halogen; subjiituuri or 

unsubsdtuted dilol; unaubstjtuted or subaiituted amino; hydroxy, and OR* whwcm 

R- is selected inm the group consisting of hydrogen, elkyi, acyl. «>'l awlkyl. 

untubetinited or subatituted amine; subatinited or unsubstituted thiol; srd halogen; 

and a llneer ot cyclic carhop ehun optiontdly Intanupted with one oi more 
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heisraatom, «nd optionaUy subjtituted with one or mow -0, or -S, hydroxy, an 
uxiinotlkyl group, an amino add. or a peptide of 2-8 amino acid*. 

31. A method for forming t macroicopic moleculax array of mhular 
carbon molecules, said method compiising the nepe of: 

5 (a) providing at leiat about 10* tubular wbon mol«cule« of 

aubitaatially sifflllar length in the range of 50 w SOO nni; 

(b) introducing a Unking miolety onto aJ leeai one end of $aid mbular 
carbon meleeules; ■ 

(c) providing a lubaoim coated with a matariel to which said Unidng 
10 moiety will anaeh; and 

(d) eeataetiag said mbular carbon molceulM containing a linJcing 
moiety with laid lubstrale. 

32. The method of claim 31 whitoln said subsinte a selected ftom the 

group eooaicting of gold, mercury andindiunhtin'Oxide. 
13 33. The method of claim 32 wherein laid linWag moiety ii jclected 

fhat the group conaisting of -S-, .8.(CH0.-NH-, and -SiO,(CH0,NH,. 

34. A method fbf forming a macrowopic molecular array of tubul ax 
carbon meleeules, said method comprising the itepe of 

(a) providing a nanoicale array of microweUi on e tubitmsi 
2Q (b) depoaitiag a metal catalyst in each of said micmwells; and 

(e) directing a itraam of hydrocarbon pr CO feedstock giu at said 
substrate under conditiona that effect growth of lirgle-wflll cartwo 
lumetubea ftom each microwel). 

35. nte method of claim 34 tathar compiitiag the step of applymj an 
25 electric field in the vicinity of said eubitrtte to aasist in the alignment of said 

nenotubes growing from said microwella. 

36. A tnethod for !brmiag a macroscopic molecular airty of tubular 
carbon moleeuies, latd method eomprisiag the steps of 

(a) providing surftce containing purified but cntaRgled and relatively 
30 endless single*w«U carbon nanonibc material: 
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(b) subjecting said surfwe to oxidixiag conditions sufficient to cause 
(Short Iwgihs of broktt ntnotubes to prottuda up from said luifkce: 
and 

(c) applying *n Biwtric field to said surfhee to cauw said nanotubea 
5 protnidlng fwm laid lurftcc to align In an oriflniaxion gcneraily 

petpendicular to uid surface md eoalesca tam a& airay by van der 

WaAla iflteraetioo {bteea. 
37. TTw method of claim 36 wheraln laidoxidiaog condition* compriae 
httiting laid to about 500'C in an atmoiphert of ojcygen and CO,. 
10 38. A m«il»od of fonoing a macroscopic fflolecular array of tubular 

caibuii uhJcwulo, laid awthod compriiing thfi itnp of aMcablinR subarray* of up 
to 10* siaglcwali carbon aaoetubai into a eofflpeaite array. 

39. The mathed of elaim 38 whtrws all the lubatxayi have the same 
typaofaanotttbw. 

15 40. Thtmathod of cl«m 38 whatdnthaaubanaya have different types 

ofniootubei. 

4t. ThioMiudofelaim 38 whi(iind»wb8(ny» art nude according 
to tiM method of lay of cUuma 3 1 , 34 or 36. 

42 A fflfthod for contintiotJily growing mactoicapic carboa fiber 
20 compriitag at lout about 10* aiagl<>tvall nahotubaa in geDcrally parallel 
oriaainion, said method cenprioing the Kept ofi 

(a) providing a macroicopic tnolectilar away of at least about 10* 
tttbutir cirboQ molaouiei ia gattenUy paraUel orientation and 
having subitaoti«Uy limllar lengths in the range of from about SO 

23 to aiMUt SOO naaomeierr, 

(b) .removing the haaliipheiicMBien. cap trom. the upper ends of the 

.tubultf carboa meleeules in said array; 

(c) contactiBg ttid upper ends of the tubular carbon molecules in said 
array with at least one catalytic metal; 
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(d) s^vplyiag a gaieoui source of carbon to (he end of said ini>* ^htle 
applying Iboaiiied energy to the end of laid vray to heat said end 
to a temperature in the range of about SOO" C co about i3(Xy C; and 

(e) eontiauouely reeoveriitg the growing carbon tiber. 

5 43. The mediod of claim 42 wherein said fuilerene caps are removed by 

healing in an oxidativa envitonmenl 

44. The method uf d^m 43 wherein eaid oxidative enviroament 

comprises aqueous etching with nitric aeid or gu phase etching at temperatures of 

about SOC*C In an aimoqshore of oxygen siid CO,. 
10 45. Tfw method of claim 42 whetvia said catalytic mrjii is selected 

from the group consisting of Group VlU.transitioa metals, Croup Vf transition 

metals, metals of the ianthanidc series, sucala of the acttnide scrie:^. and mixtures 

thereof. 

46. Th$ method of claim 43 wherein said catalytic metal is Aelcsied 
15 from the group consisting of Fe, Co, Ni» Ru, Rh, Pd, Oa, Ir and Pt. 

47. The method of claim 46 wherein said catalytic metal is selected 
fcem the group consisting of Fe, Ni, end Co, and mixtures thereof. 

48. The method of claim 4S wherein said catalytic meul is selected 
firom ttie group conaisttng of Cr. Mo» and W. 

20 49. The method of claim 42 wherein said caulytic meul is deposited 

in situ 00 each nanotube as a metal atom cluster. 

50. The method of claim 49 wherein said metal atom cluster has from 
about 10 to about 200 metal stomyi. 

51. The method of elaim 42 wherein uid catalytic metal u deposited 
25 as preformed nsnoiparticlee. 

52. The method of ciaim 51 wherein said csUlytic meul is Mo. 

53. The method of claim 42 wherein laid catalytic metal is deposited 
in the form of ametal pieeursor selected &om the group consisting of salts, oxides 
and complexes of said metal. 
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54. The method of eUtzn 42 wherein said cetaiytic metal is deposited 
^ ■ by evaporidng metal atoma ud atiowing them to condenM and tfoaiesee on laid 

open naaotube enda. 

31 The method of eUim 94 whareia said evaporation is efTected by 
S heating a wire or wlreicoouiaiag said catalytic isetaL 

56. Hie aietbod of dlaim 54 wherein Slid evaporaiion is sffected by 
molceular beam evapotadoa 

57. The method of elaim 42 wherein gueeus souroe of carbon is 
selected from the group eooilsting of bydrocarbona and carben monoxide. • 

10 5t. Hie method ofelaim 57 wheiiin said hydrocarbon U selected from 

die group conaining of alkyli, aoyli, aiyU and aralkyl having ! to 7 carbon atoms. 

S9. The method of elaim Sg wberoia said hydrocarbon is methane, 
ethane, ethylene, acetylene, acetone, ptoptae, propylene and mixmres th«rcof. 

tiO. The method ofclatm 42 wherein said localized energy ii provided 

15 by alaierbeam. 

61. The method of claim 42 wherein <aid localized energy is provided 
by t iource selected from the group eonsieting of a microwave generator, an R*F 

coil and a solar eoneenirator. 

62. The method ofelaim 42 wheceia said end is heated to a tcnipentuxe 

20 in the range ofaboiit900*C to about It 00*C. 

<3. A eofflpoeitioa of matter comprising at least about 80% by weight 

of single* wall carbon nanotubas. 

64. The compoaittoo of claim 63 compriiing at least about 90% by 
weight of single*well carbon aanotubea. 
25 65. The compoaitioo of claim 63 compriaing at least about 95% by 

weight of aiagle-wail carbon rasotubet. 

66. The composition of claim. 63 comprwlng at least about 99% by 

weight of single'well carbon moleeulee. 

> 67. Afelieomprislng alleut about 80% by weight of singlB.wall 

30 carbon nanotubea. 
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6S. The felt of claitn 67 compriiing it least ibout 90% by weight af 

single-wdl nanotubei. 

69. The felt of cl«ra 67 compniing iMft about 95% by vwnht of 

»ingU-wali naaotubea. 
5 70. The felt of claim 67 eompriiiag a \tm about 99% by weight of 

singlo'-wall nanotubea. 

71. The felt of claim 67 in tht fonn of a pap«f»like maierial. 

72. A tubular carbon molecule having the following structure: 



10 



15 



or 




xrt 



whert 



20 



is a subita&ciaHy deftct^free 
cylindriGal graphene sheet 
(optionally doped with noncarbon 
etoma) having from about 10^ to 10^ 
carbon atoma; 



25 



where 




is t hemiipherc ftitterene cap 
baving at least aix peataisona and the 
retnaiodarheKHons; 



30 



n 
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R, R', R\ R\ R^ and R* ««ch may b« md«p«nde«ly selected from 

the group conaiiting of hydiog«n; iilkyl. 
acyl, uyL amikyU halogen; lubstituted or 
unsubsiitiitcd thiol; unsubninited or 

5 lubnhund onuoo; hydroxy, and OR' 

whertiB R' is selected fton the group 
eooiiitiag of hydrogen, alkyl, aeyi. aryi 
aialkyl, uoiubstiniied or substituted amino, 
lubidiuied or uaiubidtuted thiol: and 
haiogeB; and a linear or cyclic catbon chain 
optiooaily interrupted with one or more 
hetetoctoo. and optionaily substituted with 
ona Of mora -0, or =S. hydroxy, in 
aoinoalkyl group, ao amino acid, sr a 

If papiida of M amino acida. 

wharia the mbuiar sarbeo molecule containa 
at laast ona of R. R', R'. R\ R'. or R' 
73. Thi moleeula of claim 12 whwwn said gtvphena iheoi haa a 
eonfiguntion that eoimpniuii to a (imi) iingla*wall carbon nanoiube 

20 74. the melwdaofclato 72 whawia laid taolaculehae a length *orn 

about S to about 1000 nm. 

75. Tim molaeuia of elaim 74 whetcia said aolecuk hu a length of 

from ibout 5 to about 500 am. 

76. Tha moiccula of claim 72 whcrain a if 0 lo 12. 

25 77. Thamolaculeofelaim72Airth8rcompriiiiigatleaaton:endohedni 

•a*. 

speeioa. 

78. Tha raoieeule of claim 77 wherein said cndohedral spedti is 
saieoted ftom the group conaiiting of ratlal atoms, fUIcrent moleeuiei. other amall 
moleeulea and rnixnut thticef. 
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79. m owlwule »t' claim 7J comprising 4 (1 0. 1 0) Jingle- will nanoiube 
eonulning at last om aadolwM spaeies nclcctad fnm tha Kroup consiidnB ot Cm. 
Cm, or mixturai thcraof. 

80. The molecule of claim 79 whersta aaid or C^o uldiiionally 
3 eontaina an andohadral aubatrtuant selected ftom the group consisting of matal 

atonu and metal sompouods. - 

81. Amaflrascapi«molacularanaycoraprisingaileastaboutlO*singl«- 

wall earboa naaoubea ia lenarally panilel QiienttUon vul having sobstandaUy 
similar lengtha ia tha range of from about 5 to about 300 aaooraetcrs. 
to 82. TbB my ofebdBitlwtieieia said nanotubas are ofUie same typt. 

83. The amy of daim 82 wtoein said naootubas are oi th» (n.n) type. 

84. Tha array of claim 83 wherein laid naaocubea are of d» ( 10. 10) 

typ«- 

83. TheaRajef6laia83wheteiaiaidaaaotubasareofthe(m,R)type. 
15 t6. TlieanayofciaimSl wtwninjaidnanotubeaarsofdilbremtypaa. 

87. Tte array of claim 81 flutiwreoiitpdwigtsubstiiteanaehedt^ 
end of said amy and oiioued subatauitlly petpendiculiriy to the r4no^ 

array. 

Kl. The artay of claim 87 wbareia laid subitrata ia a bucky paper 
20 surftee. 

89.. The anay of daim 87 wfaereia said lubsirata is a metal layer 
selected from tl» group consi^g of gold, mercury and indium-tin-oxida. 

90. The snay of claim i6 whctein a cetttral portion of nanctabes are of 
tha (n,n) type and an outer portion of naaotubes ue of tha (m,n) type. 
25 9 1 . A macroscopic carbon fiber compriaing at least about 1 0* »ingle- 

wall oarboa oanombea in geoetally panllal orianution. 

.92. The Sbtr of claim 91 comprising at l«*st about [Q* lingie-^-ali 

caibon nanoiubas. 

93. A cempoaiia fiber eompriaing a plurality of the fibers o: claim 91. 
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94. A noteeultt tampUte array for growinft coatinuous length carbon 
flber compriimg » ••gm«« 0^*6 fiber of cltim 91. 

■ 95. Th«flb«ofcJ«im 91 having* length of«tl«Mi I millimeter. 

96. The flber of cUim 91 wiwiein a wtetentiel porrioa of uid 
S Baaotubeeireorthe(iUi)iypt. 

97. The fiber of elaHn 91 wheiwi lU of mW neootubes are not of the 

seme type. 

96. A eempoiiti irtlde of minofaetute coaprtiiiig « mnaix meteriei 
stlecied ftom the group coneisting of meti* polymer*, cereaiet eod cwnwtt. said 
10 oitfxhtving«beddedta«le«»poitiottth«w)f»propert>-«nhai«iag^ 

of the evboa flben of claim 9t. 

99. The compoeitc ttticle of cWm 98 wbeteia Mid propetr)- ia 
stiusninl, ffleehaaical eleeirieel, ehemieeU optieal, or biologieei. 

100. A high voltige powr ttinsrawsion cable wherein at least one 
1 5 eeodueior coopriiei a coatlBuoue carbon fiber aeeording to claim 96. 

101. The povwiniwnlaeion cable of claim 100 wherein both a central 
condtictor and a coaxially diipoaed outtr conductor are foitncd ftom «id carbon 
fiber and as ineuletittg layer is diepesed therebetween. 

102. The power trmamiaiioa oabie of elaim 101 wfaarein «aid iaauiating 

20 layer lean air epoes. 

103. The power tranimisiion cable of claim 101 wherein said insul&tiag 

layer compriiee a material lelected from the group conaininB of inaulartng carbon 
fiber made from carbon nanowbea of the {mja) type end Ineulating BN fiber made 
fttm heMb(|^triide aanoiubes or mixturea thereof. 
25 104.. A solar cell for converting broad apecmim light energy inw 

eieettical c«rtent«wnpiiiing a jiiolewlar irmy eecording to claim 81 ai the photon 
collector. 

105. n»* eolar ceU of claim 1 04 additionaUy comprising a photoactive 
dye coupled to the upper ends of the nauotubea in leid array. 
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106. A biltible, nonvolatiU memoiy bii comprijing the endohedrally- 
loaded tubular earboa molacule of etaim 77. 

1 07. The nwnwiy bit of claim 106 wfattein the tubular carbon (nolecule 
ii foftned ftom a (10.10) typa oaaotub* and the andchadral ipeeici is t Cw, « C„ 

S ftiUtme nolaeule. 

lOS. A biitable, nonvolatile wtBOiy device eompfijingihe memory bit 

of claiffl 106. meani fbr nwliiag » lald bit and mnn for t eadiag aid bit 

109. Tba memory device of elaiin lOS wtetein said maxa for wriong 
comprises & naaoeirettlt eleamt adapted to dinet a voltage pulse of positive or 

10 negative polarity St said bh to oBUsa said eadohednlspocltt to taoveftom a drst 

end to a second ead of said bit 

1 10. The memocy devtea of elain ) OS wherein laid means for reading 

said bit comprises 

(a) a flntnaaociieuitelefflent adapted to be biased St a first voltage 
IS (VuJndtpiMdlmareideBdofsaidbittotbrnAfiritgtptiwrebe^^ 

(b) aseeoodflanodteuitelomentadaptedto be biaMdio ground voltage 
(Vj and spaeed fiom said read and of said bit to feiot a second gap. whereby the 
preaattce of said eadohedtil spseiM is aoasnbisueuiiy dataxnined by tlM presence 
of eoReattumMUflg aeroM said first and second gaps. 

20 1 11. A mictopoious anode for an clectrochwnieal caU comprising e 

mnifMatlar my acesfdinR to claim II. 

112. A lithha Ion secondary baiteiycompriaini the aaodcotclami 111. 

a cadiodecompfising LiCoOj and an aprade organic eleetnlyte wherein a fulletcne 
intereaiaitng compound (FIC) of lithium fofwa at Um anode under charging 
25 coadttioas. 

113. An appantua itar fodning a coattnuous naetoscopic carbon fiber 
ftom a macfoaeopie moleeular lemplaie array coflaptieiag at least about 10* singie- 
waU carbon nanotubei having a catalytic metal deposited on the apen ends of said 
naaotubes. said apparatus comprising: 
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(-4) msvis for loctlly hcittng only uid opM cods of said nanotutes in 
said templottt amy in a growth and anncfdiiig zoac to a temperature 
in the range of about SOO'C to about 1300^C; 

(b) mtana for supplying a oarboA-eontaiamg feedstock gas to the 
S growth and annealing zone immediately adjacent said heaxed open 

ends of said nanotubes in «aid template array; and 

(c) means for continuously removing growing cerbon fiber trom said 
growth and annealing xone while maintaining die growing open end 
of said fiber in said growth and annealing ^ne. 

10 114. Ue apparatus of cUim 1 13 wherein said means for locally heating 

comprises a laser. 

115. Tite eppurams of claim 113 enclosed in a growth chamber 
maintained at a vacuum by evaeuition means* 

116. The awaratus of diiim 1 1 S ftiJther eomitfising a vacuum feed lock 
15 zone dvough which said continuously produced carbon fiber is pu 

up roll at BOiospkefic pressure. 

1 17. A composite maieritl compriaing: 

(a) i matrix; and 

(b) a piuraiity of single-wall carbon nanotubes embedded within laid 

20 matrix. 

III. Th« coraposii* matarinl of claim 117. wherein said mauix 
comprises a polymer. 

tl9. The compoaite material of claim 118. wherein said polymer 
comprises a tbsimosotting poiymor. 
25 120. The compoaite material of claim 1 1 9, wherein said thermosering 

polymer is selected firom the grovp consisting of phthalic/'maeUc type polyssters, 
vinyl esters, epoxiee, phenoiies, oyanatesi bismaleimides, and nadic »»d-capped 
polyifflidea. 

121. The composite material of claim US, whemin said polviner 
3 0 comprises a thermoptutie poly ctter. 
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122. Th« eoMpoMM mrtartil of cUim ill. whewin wid thcnnoplaiiic 
pdlyiMT is MlecMi from d» gnwp wniiiting of polywlfooci. polywnidcs. 
polycwbonitM. polyphenylcne oxidei, polyiulfid»«. polytthr «iher ketone. 
j»iyetlw«ul/ones,polyiBidt-imWM,p©ly«th»^ polylmldw. pol)f«>»*ce». 

S and liquid oyitftlliMpelywttn. 

123. Tte cwnpoiiii miterial of cliim 117, *^ 

eompriiat « netal. 

124. Thf compoiite nutariil of cltim 117, wh««n uid irotti* 

. compiisM a cenmie- 
10 125. Thf eompoiitt miterial of cliim 117. wherein »aitf maffix 

coinpfiMf i eonnit. 

!26. Thecoinpo«tiB«wiilofciaimU7,whKtins»dcifbcnnttu«^ 

mattiitl eofflprim t^Mv caiben nanotubo aolteslM. 

127. Tl»«ompQ»tomttefliiofcliifflin.whiidn«aidc»bonn«wiu^ 

1 5 natMial coB^m ropee of op to »b«ui iCS WNTt. 

121. Tl»ce«potftoiMierialo£cliimn7,whereaM»d«aboRn40CWb^ 

amuial oompnsei ttbm* of grealer thia 10* SWNTi. 

129. Th» oowpoiiti WMUmiii of cUim 126, 127, or 12», further 
compciiisg u addition] fibfooa ouMPiaL 
20 m the ewnpotlit maiaiial of claim 126, 127. or 128. wherein said 

caibOA oaaoittbo matarial U iBodifled to iaimct with eiid awtox maieriai. 

131. A octhod for produaing a eompoittt material coatalsing urbon 

naaoiuba maMtial compiiiiai: 

prepviEganitrixiBitarialpneunor. 
2S (b) coaWoiag itnglo-wiU carbon naneiuboa with said matrix maiehai 

piaeuisonand 

(e) fbaninf laid eompoiita material. 

132. Tho method of claim 1 3 l.wharein laid carbon tianoiubemajerial 
is comhtaed «ih Mid inatrlx nMierial priouiMir before «»»d «ep of fomii^ 
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1 33. The method of cUira 13 1 , whef«n said cnrbon ninotube maierial 
Is eonbiaed with said nuurix miterial pwcunor during seid step of fomiing. 

134. Ill* nctliod of eltim 131, whereio aid carbon nanotube material 
is combined wwth said ntairix matetlii pfacursor imaediately after uid step of 

2 forming. 

135. The meOiod of claim 131. herein sud tntmx material precursor 
is caused to flow around a pre«fonncd lotangement of said carbon nanotube 
materiaL 

136. A method of ptodtieiag a composite material containing «arbon 
10 aanotubeouterial comprising: 

(a) prspahPi an assembly of a fibrous material; 

(b) adding single>waU carbon naootubes to Mid llbreusaiatorial: and 

(c) adding t maiiix material precursor to said carbon nanotubec tad 
said fibrous material. 

IS 137. The method of claim 136. wherein said tibrous matetiels ate 

arranged in a two>^ijneasional sheet, and some portion of said carbon aanotubes 

arc oriented in a direoQoe othsr thaa perallel to said sheet 

138. The method of claim 131 or 136 wherein said car'ooo nanotubes 

cotapiise tubular carbon nanotube molecules. 
20 1 39- The method of claim 1 3 1 or 1 36, wherein satd carbon nanoubes 

comprise zopes of up to about ID' SWNTi 

140. The method of claim 1 3 1 or 136, wherein said carbon aanotubes 

compnia fibersof greater than 10* SWNTs. 

1 41 . A thrwi (iimmiinnal struemre that lelf-assembles from den vuized 
2S stngle^l earbon nanotube moteeulea comprising: 

a plurality of multiftnEtiooal siogle-wail carbon oanowbes asicmbied into 
. said thtee-dinMniional struemre.. 

142. lite three-dimwional struchae of claim 141. wherein said single- 
wail carbon nanotubes have multil^metionel derivatives on their end caps. 
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143. The thrce-ditnniional struetuit of cliim 141, whertin nid mik- 
wail carbon nanomba have molUftiactional dtrivitives at muttipii locations on 
said singU'Wall eaiboananotutaa. 

144. . The tbrw-dimtniiooai tmietm of claim 141. wherem uid iingle- 
5 wall carbon nanoBibM tti asaembled aa a reiult of van dcr Waals utractionj. 

US. A thn^'diaaniional iduetwt of claim 141, Hhtcb hu 
electrareagnetie prepaitias. 

14<. The thiee-dirocMiooal Jtroctura of claim US, wherein said 
eiectromaonaiic properties are detetmined by a finetionaUy-speeifie agent 
4 0 1 47. A tinvo-diiaenaioaal tmicture of claim 141 , wliicii is lymmetiieai. 

141. A thTBt-dioMaMonal ttrucnus of claim 141, which U net 
symmatr^cai. 

149. A Uire«*diro«BSioiiaI itmeAn of claim 141, wbieh haj biological 
propcitiea. 

13 1 50. A thrac*dlffle&iional wvwtuie of claim 149, which operates a a 

catalyst for biochemical reactiona. 

121. A thret'dimeasioaal smicturt of clilm 149, which imeacis with 
living tiiaae. 

152. A ttaree-diaensionai structure of claim 149, which serves as an 
30 iffot tot intanetleii with Amctlona of a bteiogical syitem. 

153. A light hirvesdaf anteuia compiiamg: 

ai laaat one aingle-waU carbon oanombe conductive element, mi at least 
one ninotube having a lengtii selceted relaiive to a dasired curtem IcA-el ard a 
desired voltage level. 

25 154. Tlw light haivaedng antenna ofelaim 153. whania said at least one 

sin|le*wali carbon oaaotubc ibnns a Sehottky barrier. 

155. Aa amy of light harvesting aotenau ofelaim 153. 

156. The amy of tight harvesting antennae of eieim 155. wharein taid 
array ia formed by seif^aasembly. 
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1 S7. A molKuItr eieetrooie compoa«Qt CQmprising at leu: one single- 
will eirboaMnotube. 

ISI. The molflcular tloctionie eompeaeot of claim 1 37. vihenw md 
molecultr elwtniUe componnit i« t bridge eiteuit for providing full wave 
2 rectiflcttioB, Mid bridge siteuit comprising: 

four lingie-wall orbon onotubei. each of latd four sinsle-wall 
carbon »anetub«a fetning one edge of a iquan and linked to two of four 
boek/balU, each of said fbur budcybeUt located at a eonnr of laid square. 

159. Tlw bridge ciiicuit of elBon 151, wharrin said buekjfballssttd shnglc- 
10 wail carbon nanotubea ire derivitixed to indude Ancdooally speeifle linking 

ageau. 

160. A tnolccular electronic compooam of claim 137, which is a 
Atllerene diode. 

161. A naaoacalamaaipulatorcompriaiag at least one stngle>wail carbon 
15 nanotube; 

1 62. The aanescale nanipuiator of claim 161, which is nanoforcepts. 
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